Approaches to land use planning have gone through considerable evolution during the past 30 years. Western nations have learned hard lessons about the consequences of not considering ecological process and structures when undertaking land use planning, development, and when harvesting resources. As a result, modern concepts of conservation biology and landscape level planning have developed and are beginning to be implemented in North America, Europe, Australia and portions of South America. An approach to ecological based landscape planning, as developed through several applications in Canada, is discussed. The approach incorporates principles of conservation biology and relies heavily on abiotic landscape components for mapping and interpretation. Landscape planning is defined and discussed according to three key components: (1) the planning framework; (2) ecological analysis; and (3) implementation of the whole. The planning framework includes the goals and objectives of the plan which is based on prevailing socio-cultural values. The analysis attempts to determine full landscape representivity then maximize ecological integrity.
Introduction
Land use planning in developed countries has evolved extensively over the past 30 years. Early settlement patterns, particularly those in agricultural areas, reflect an overall lack of planning which has been referred to as "flat earth planning". In other words, the shape of the land base and its inherent ecological processes were considered irrelevant to land use. This, of course, resulted in significant damage to homes, businesses and agricultural lands due to flooding, erosion, natural fires, and so on. In fact, the use of fire-generated ecosystems for residential communities, such as the Chaparral of southern California and grasslands in parts of Australia, continue to result in significant damage to homes and the loss of life.
Heavy damage to homes located on dune ecosystems on the US east coast led Ian McHarg (1969) to propose a new basis for planning in his landmark book Design with Nature. As a result, planning took on more of a constraint based approach whereby so called "hazard lands" were either left in a natural state or utilized by developments which were carefully designed and engineered to minimize potential damage. One consequence of constraint based planning in North America was the conservation of valley lands, floodplains and wetlands but the virtual total elimination of tableland ecosystems. An ecosystem equivalent to ethnic cleansing.
Consideration of ecosystem processes and structure in undertaking land use planning is now beginning to replace constraint based planning in North America and is well advanced in the UK and parts of western Europe. The ideal of working with ecosystems in planning and determining land productive capabilities goes back to the 1940s with Aldo Leopold's A Sand County Almanac. In Canada, the first practical application of the concept was proposed in the 1950s by Angus Hills (1959 Hills ( , 1961 Hills ( , 1976 and evolved through a series of frameworks which included Hill's "physiographic site" approach, Biophysical Land Classification (Lacate, 1969) , Ecological Land Classification (CCELC, 1977; Wiken and Ironside, 1977) , and, currently, the Landscape Approach (Rubec 1992) .
Landscape planning
Landscape planning is based on the landscape approach. This approach to planning involves the direct application of ecosystem concepts whereby the primacy of the ecosystem forms the basis of assigning appropriate land use designations such that natural ecological functions are maintained or restored to the maximum extent possible. Rubec (1992) notes that the Landscape Approach: …views configurations of protected areas as open and dynamic systems over naturally defined districts and regions [Ecodistricts and Ecoregions] . Along with an understanding of the various scales and temporal aspects of interventions that are necessary for the conservation of habitat and biological diversity, a landscape approach provides an integrating framework for different disciplines, scales and natural and human influences...Such a framework has two crucial uses: (i) a basis for land use planning and habitat management, and (ii) a basis for inventory, monitoring and other types of applied research for habitat protection Landscape planning applies an ecological approach to land use planning and land/water management. In other words, the landscape (biotic and abiotic constituents) are viewed in the framework of ecosystem function and structure in order to identify areas which have ecological integrity. Ecological integrity has been defined as:
The capability of supporting and maintaining a balanced, integrated, adaptive community of organisms having a species composition comparable to that of the natural habitat of the region (Karr and Dudley, 1981) .
This then becomes the driving force in defining the landscape in a manner that allows it to best be integrated with the other, sometimes, competing land use demands. From a planning perspective, the ecosystem becomes one of several "uses" which must be fully considered, planned and, to various degrees, officially designated. The concept of hazard lands and even environmental protection areas must be distinguished from the landscape planning paradigm. The latter is based on an ecosystem perspective (What is it made of ? How does it work?) whereas the former are human valued concepts (we cannot build in floodplains; this area contains a rare plant). Traditional methods of protecting natural areas as reserves, national parks, sensitive areas, etc. should not be undervalued, however, these are 1970s concepts which attempted to ensure that we would not lose all natural areas within a planning/legal framework that demanded high value as a basis for protection. In other words, to be protected from development an area had to be the best, the only, particularly educational, highly aesthetic, etc. Although it worked for the time, its penultimate failure would be the establishment of non-functional "islands of green" within urban/agricultural dominated environments. We were on our way to saving the parts but neglected to determine whether the parts could continue to function.
The application of landscape planning as we define it consists of three key components including: 1 the planning framework; 2 ecological analysis; and 3 implementation of the whole.
Planning component
Planning: To develop ecological values, goals, objectives and policies that direct the use of land within the prevailing planning framework
The planning component allows the integration of the ecosystem approach within the prevailing societal context. Society is defined by the specific constituency and administrative boundaries which may be a municipality, special planning region, a province or state, or an entire nation.
The planning goals and objectives determine the specific scope for landscape planning, but, more importantly, will define how the given constituency will ultimately implement and guide the system. These goals and objectives are not static but, should be considered as a series of approximations through time which ultimately will result in a functioning ecosystem and healthy society.
This last point is very important. An ecologically based landscape plan is not designed and implemented within an existing land use planning process which generally operates in five to ten year cycles. Once initiated, the system must be considered "living" and its framework must be sufficiently flexible to allow modification as we learn more about ecosystem process and undertake measures to restore ecosystems. Hence, our time scale must be thought of in terms of hundreds of years not tens of years.
Ecological analysis component
Ecological analysis: To provide the technical underpinning to allow ecological planning to occur Once goals and objectives are defined, the next step is to undertake the analysis. The ecological approach to planning must incorporate recognition of ecosystem function and structure as we are best able to determine given the state of knowledge at any point in the planning cycle. Ecosystems are complex and we generally have more questions than answers when trying to understand their processes. However, we cannot wait for all the answers as the need to use lands for occupation and resource harvesting is immediate and expanding. The relatively new science of conservation biology provides guidance in this regard and can be applied directly to landscape planning.
The field of conservation biology has been described as being a recent response to the biodiversity "crisis" created by the present human generation which is systematically annihilating species diversity on earth (Meffe and Carroll, 1994) . It is defined as: …a new, synthetic field that applies the principles of ecology, biogeography, population genetics, economics, sociology, anthropology, philosophy, and other theoretically based disciplines to the maintenance of biological diversity throughout the world. (Meffe and Carroll, 1994) In urban and agricultural landscapes, principles of conservation biology can be utilized to identify, restore and reconnect natural landscapes in a manner which accounts for ecosystem structure and function. In forested landscapes, the principles can be utilized to maintain ecological structure and function through the use of a series of protected areas which are representative of the original landscape diversity and which maximize ecological integrity. In the latter case, size, diversity and ecologically based management prescriptions are required.
Essentially, the principles of conservation biology relate to ecosystem function and structure. From a landscape planning perspective, this requires the development of criteria which are based on protection and enhancement of a full range of representative natural areas and ensuring that natural ecosystem processes continue to operate. (Noss 1990 (Noss , 1993 . As these measures are maximized, natural areas are better suited to recover from natural and human disturbances and, further, the need for human intervention to manage the ecosystem is minimized.
Intervening areas can then be intensively managed and utilized for human needs on a sustainable basis. However, even in intervening areas, measures can be taken to enhance vegetative structure and minimize alterations to the soil base.
In the case of the landscape planning application for the Oak Ridges Moraine in southern Ontario, Canada (Geomatics International, 1993), for example, criteria were selected based on forest size, protection of wetlands, identification of existing and potential interconnections, occurrences of high quality wildlife and fisheries habitat, and the presence of rare and endangered species. The planning area is an extensive agricultural, urban, and rural residential landscape approximately 1,250 km 2 in size. Although the precise conditions contributing to high ecological integrity is not certain, we identified a natural forest size of 30 ha to be essential in maintaining ecological function. This was based on empirical data which suggested that this size is particularly significant with respect to numbers and species of nesting neotropical interior bird species (e.g. Blake and Karr, 1984; Robbins, 1979) . Thus if we design a system that protects these existing areas, incorporates proper environmental management techniques and allows for expansion, restoration and re-connection with other areas, then we are confident that ecosystem function will improve. We cannot, however, say by how much it will improve.
In developing this planning framework, we could focus only on those ecological units which currently consist of natural vegetation or, alternatively, identify a full range of units reflecting their distribution in the environment even if currently under cultivation. This obviously builds in the need for restoration and landowner stewardship programs to maximize biodiversity. One could also look at the juxtaposition of natural and cultivated ecological units in order to determine which combination (incorporating concepts of size and interconnection) will best maximize ecological function.
The determination of ecosystem representivity is very important for land use planning as it has direct implications on issues related to biodiversity. Figure 1 illustrates a methodology developed by the author (Cowell et al., 1994) to undertake gap analysis of existing protected areas and delineate new ecological reserves.
Although geomorphology and surficial materials were not specifically mentioned by Meffe and Carroll (1994) , they play a significant role in determining biodiversity and are a fundamental element of ecology and biogeography. For ecological analysis in support of planning, abiotic factors can be used as surrogates to define ecosystems. They have the advantage of being more "enduring" than plants or animals which are more susceptible to natural and human induced disturbances. Also, abiotic data are more readily available for many regions and are more amenable to interpretation using thematic and radar satellite data.
Specifically, the concept of species and landscape diversity, although often thought of only in biological terms, can be directly related to abiotic factors. The principal abiotic controls relate to moisture regime, nutrient status, and micro-climate as related to topographic position and aspect (Hills, 1976) . These factors can be directly related to "alpha diversity" (Whittaker, 1965) . Alpha diversity is defined by Whittaker (Whittaker, 1965 , as referenced in Naveh, 1994) as species diversity occurring within a specific habitat. From a scale perspective this incorporates the largest, most detailed level of interaction among the biotic and abiotic factors.
Whittaker (1965) also referred to "beta diversity" and "gamma diversity". Beta diversity is defined as species diversity occurring between and among habitats, including gradients of change (large to medium scales of organization). Gamma diversity, on the other hand, is defined as landscape diversity based on geographically or ecologically defined regions or landscapes (medium to small scales of organization).
In the absence of detailed data on species diversity, which is a particular problem for medium to small scales of application in planning (Cowell et al., 1994) , earth science data can be successfully utilized as surrogates to vegetation and wildlife data. A particularly striking example is the Endangered Spaces Campaign currently being conducted by the World Wildlife Fund (Canada). This program is attempting to identify a significant portion of the Canadian landscape as being representative of natural ecosystems (floral and faunal diversity) by undertaking gap analysis and delineation in each Ecoregion.
The lack of widespread vegetation and faunal data (small-to medium-scales) with which to undertake natural areas planning, has led to the adoption of the concept of enduring features as the basis of gap analysis and delineation of representative areas for (Cowell et al., 1994; Kavanagh and Iacobelli, 1995) . Enduring features are the stable landforms and seaforms on which plant and animal communities exist and function. The use of landforms as the basis for representation is based on the acknowledgement of a lack of widespread, consistent biotic data and is scientifically founded in the approach undertaken by Biophysical and Ecological Land Classification (ELC) techniques since the early 1960s. This approach is elegantly summarized by Rowe (1992) as follows:
…geomorphology -landform, its composition and structure -is genetic for landscape ecosystems through its influence on local climate, drainage, soil formation and the recruitment of plants and animals...is the indispensable foundation of terrain analysis world-wide.
In the ELC approach, climate is the most important determinant of ecosystem characteristics at coarser scales of delineation and landform and soils become more important at finer scales. Differences in vegetation communities on similar landforms, but in different land classification units, express macroclimatic differences. Within units, differences in vegetation communities reflect differences in physiographic site, particularly with respect to substrate texture, moisture, and microclimate (slope position and aspect). Although wildlife is not directly utilized in developing mapping units, climate and vegetation communities affect and control the distribution and abundance of wildlife. There is an implicit assumption in the ELC framework that representative landform/ vegetation units will also support representative fauna.
The mechanics of landscape planning usually involves an hierarchical mapping system which is a fundamental component to ELC techniques. This system can be applied in either a "top-down" fashion, a "bottom-up" fashion, or, preferably a combination of the two.
The top-down approach is one of the most common and is particularly suited for planning large areas (provincial/state/national) using remote sensing techniques in combination with existing data. In this approach, one works through a hierarchy beginning with small scale data (1:500,000 to 1:1 million scales) and progressing through larger scales depending on available information and inventory capabilities. Small-scale data based on macro-climate, geomorphology, surficial materials, and geology can be used to define broad regions (Ecoregions) and districts (Ecodistricts) which are then further subdivided on the basis of soils and vegetation information. The author recently undertook this approach for natural areas planning in a 2.7 million ha forested landscape of northern Ontario (Geomatics International Inc., 1994) as well as for the entire Province of New Brunswick (Geomatics International Inc., 1995a).
In the "bottom-up" approach, as recently employed Regional Municipality of OttawaCarleton, Canada's capital (Geomatics International, 1995b) , the full range of biotic and abiotic conditions are determined first. This involves the development of detailed (1:10,000 or larger scale) ecological units which define the full complement of conditions in any given planning area. Thus, non-vegetated clay soils might be a unit which represents agriculture whereas forested dry coarse units would represent conifer or mixed forest on sandy soils. For any given climate and microclimate, the ultimate expression of vegetation (including all seral stages) can be determined. A Natural Heritage System is constructed by assembling ecological units in any of a variety of ways depending on ecological and planning goals resulting in maximum flexibility.
Implementation component
Implementation: To apply the policies of landscape planning for the long-term maintenance of ecological function and for the maximization of ecological integrity
The data collected and assembled to undertake the ecological analysis are also vital to the implementation of the landscape plan. First, as noted above, the landscape plan is not static but evolves with planning needs
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Determine Area Requirements and with improvements in our knowledge of ecological processes. Hence the data base, with continual updating, can be utilized to easily update or re-visit the plan by simply adjusting the criteria. The use of a Geographic Information System (GIS) to store, analyse and update the information greatly enhances the flexibility to implement landscape plans.
Second, once the landscape plan is designed, there is a need to undertake ecosystem management. Generally, the lowest level of management possible is preferred. If ecosystems are permitted to function naturally, then human intervention is minimized or not required. However, this relates to ecological integrity and in most urban and agricultural planning environments, some degree of ecosystem management is required. Thus, the data base established to design the system can also be used as a basis for designing and undertaking ecological management. In most cases additional, site specific data will be required and this can be obtained as time and budgets allow.
At the very least, the planning agencies have a powerful tool to protect areas from disturbance by fine-tuning the development approval process. Rather than requiring a standard environmental impact assessment (EIA), approval agencies can specify the nature of the potential impact(s) and clearly identify the ecological components which may be impacted. Rather than following a standard off-the-shelf approach to undertaking the EIA (e.g. standard species lists), proponents will be guided into addressing fundamental aspects of ecosystem process and structure relating directly to the site and adjacent areas.
Other components which may form a part of the on-going implementation of the landscape plan and for which the data base can be used include the following:
• cumulative effects assessment;
• effects monitoring/stress-response; • development of performance standards for impact assessment; • landscape representativeness; • ecological integrity analysis; • enhancement of biodiversity; and • ecological restoration.
Implementation capabilities vary widely from jurisdiction to jurisdiction. The key fundamentals are to ensure that ecosystem values are fully considered in developing the plan which then must be implemented with due consideration to socio-cultural circumstances. The strengthening of government, corporate, and public institutions may be as critical to implementation as the design of the plan itself. Nowhere is this more evident than in the Amazon basin states of Brazil, such as Rondônia and Mato Grosso, which are currently developing detailed landscape plans (Zoneamiento Socio-Económico-Ecológico -second approximation) (Becker and Egler, 1996) . Tremendous land use pressures exist and the current legal and institutional infrastructures are likely not sufficient to ensure adequate implementation.
Numerous areas within North America have also undergone landscape type planning but these too are subject to numerous difficulties in implementation. These difficulties relate to concerns for the loss of lands for forest harvesting (Geomatics International Inc., 1994) and/or the perception of a loss of individual rights on behalf of landowners. To date there are no examples of true ecologically-based landscape plans being fully implemented.
Role of GIS and remote sensing
The full development and implementation of a landscape plan can only be achieved by utilizing state-of-the-art technologies in GIS and remote sensing. Eedy (1995) Although the acquisition of GIS and remote sensing technologies as well as the establishment of appropriate data bases require substantial up-front costs, these are quickly paid back by efficiencies in analysis, updating and reporting.
Summary and conclusion
The application of ecologically-based landscape planning requires a detailed knowledge of physical and biological systems, an hierarchical planning framework, and the application of conservation biology principles. Landscape level planning must be undertaken in both developed and developing countries immediately in order to ensure the maintenance, preservation and enhancement of biodiversity while at the same time ensuring the sustainable use of resources for burgeoning populations. By ignoring ecological process and structure in planning the intensity, management style and type of land uses, irrevocable ecological disasters will result.
Our state of knowledge is continually advancing and the field of conservation biology is quite young. In some respects planning requirements are pushing science beyond its capabilities to predict what works best in any landscape. However, if we utilize the most modern empirical evidence and allow for flexibility, ecological restoration, and ecosystem management, then at the very least we will be going in the right direction if not all the way at any moment in time.
The rapid development of remote sensing and geographic information system technologies in the last twenty years provide the tools to inventory, measure and evaluate the physical and biological systems. These technologies permit rapid, high quality, low cost data collection most suitable for areas where knowledge is lacking or weak and where the existing infrastructure may be unreliable and logistically difficult to operate. They are also particularly suited to application within modern approaches to landscape planning.
